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(54) Improvements in or relating to 
temperature responsive actuators 
particularly for optical systems 

(57) A temperature responsive 
actuator has coils (20, 24, 28) of "Shape 
Memory Effect" material which expand 
and contract over different respective 
temperature ranges and are arranged in 
series to provide an output over a 
relatively broad operating temperature 
range incorporating the different re- 
spective ranges. Respective biassing 
mechanisms (22, 26, 30) apply a bias- 
sing load to the SME elements to 
produce a substantially linear actuator 
output. The actuator is particularly use- 
ful for an infra-red optical system to 
displace an infra-red lens element and 
thereby compensate for temperature 
change to which the element is sensi- 
tive. 
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accordance with the invention could be used for 
purposes where temperature responsive actuation is 
required other than in optical systems, especially 
where linearity of output is essential. 
5 The actuator may be operatively connected with 
an angularly movable or rotatable member, such as 
a ring, for example disposed round an optical axis. 
Such member may by angular movement cause 
linear movement of another member, for example a 
10 sliding lens carriage which is to be displaced along 
the optical axis, by means of a cam and cam follower 
arrangement For example, a plurality of equi- 
spaced basically ramp-like cams may be mounted on 
one of the members for engagement by a corres- 
15 ponding plurality of equi-s paced cam follower rol- 
lers mounted on the other member. The cam 
surfaces may be profiled to effect a required move- 
ment, e.g. to compensate for small residual non- 
linearity of the actuator output 
20 "Shape Memory Effect" material is a known 
material having peculiar temperature responsive 
characteristics and may in particular consist of an 
alloy of brass. It is obtainable from Delta Memory 
Metal Company Limited of Ipswich. 
25 Apparatus in accordance with the invention will 
now be described, byway of example, with refer- 
ence to the accompanying drawings in which 
Figure 7 is a schematic representation of an 
actuator and connected mechanism drawn in a plane 
30 orthogonal to an optical axis of an optical system 
incorporating the actuator. 

Figure 2 is a schematic representation showing 
further parts of the mechanism and drawn in a plane 
parallel to the optical axis, 
35 Figure 3 is a schematic representation of the 
actuator in longitudinal cross-section, 

Figure 4 is a schematic representation of part of a 
biassing mechanism in longitudinal cross-section, 
Figure 5 is a schematic representation of part of 
40 the biassing mechanism of Figure 4 in transverse 
cross-section, 

Figure 6 is a schematic representation of part of 
an alternative form of biassing mechanism in longi- 
tudinal cross-section, and 
45 Figure 7 is a g rap hica I representation of the 
load/deflection/temperature characteristics of a 
typical "Shape Memory Effect" material coil. 

Figure 1 schematically shows a temperature re- 
sponsive actuator 1 (more fully described later) 
50 carried on a shaft 2 whose ends are fixed to a 
housing 3 of the optical system. The actuator 1 is 
operatively connected to a rotating ring 4 which can 
move angularly about an optical axis O. The actuator 
has projecting stub shafts 5, each carrying a roller 6, 
55 disposed at two diametrically opposed positions 
{only one shaft 5 and roller 6 being visible in Figure 
1 ). Arms 7 of the ring 4 have recessed or slotted ends 
in which the rollers 6 are located. In action the 
actuator causes linear movement of the stub shafts 5 
60 so that they slide along slots 8 whereby the ring 4 is 
caused to move angularly through engagement of 
its arms 7 on the rollers 6. 

Atone end of the actuator 1 there is a calibration 
device comprising a nut 9 in screw threaded engage- 
65 ment with a member 10 mounted on the shaft 2 and 



connected to the actuator. The nut 9 can be rotated, 
either manually by direct access if desired remotely 
by a direct drive torque motor or a motor and 
gea mead, to shift the reference point of the actuator 

70 as may be required for occasional calibration. 

Referring now also to Figure 2, the ring 4 carries 
on its front face three equi-spaced rollers 1 1 (only 
one of which is shown in Figure 2). Each of these 
rollers engages against a ramp cam 12 mounted on a 

75 sliding lens carriage 13, there being three equi- 
spaced ramp cams 12 on the lens carriage corres- 
ponding to the three rollers 1 1 on the ring 4. Tension 
springs 14 connected between the lens carriage 13 
and the housing 3 maintain the ramp cams 12 in 

80 engagement with the rollers 1 1 . Thus, as the ring 4 
moves angularly about the optical axis O the lens 
carriage 13 is caused to move along the optical axis 
O. Specifically, as viewed in Figure 2, when the ring 4 
rotates so as to move the roller 1 1 to the right the 

85 lens carriage 13 will move upwardly (forwardly), and 
when the ring 4 rotates so as to move the roller 1 1 to 
the left the lens carriage 13 will move downwardly 
(rearwardly). A lens element (not shown) mounted in 
the lens carriage 1 3 thus has its position along the 

90 optical axis O adjusted responsive ly to angular 
movement of the ring 4 which is, as described 
above, effectively tangentially driven by the actuator 
1. 

If the temperature responsive actuator output is 
95 linear, i.e. bears a straight line relationship to 
temperature over the range of operation, then the 
operative surface of the ramp cams 12 can be planar 
to produce corresponding linear motion of the lens 
carriage 13. In practice some small departure from 
100 linearity of actuator output may be tolerable and 
planar cam surfaces may still be used where the lens 
element position tolerance so allows. However, if 
desired or necessary, the operative surface of the 
ramp cams 12 may be profiled (and is shown 
1 05 profiled in Figure 2) to compensate for or counteract 
non-linearity of actuator output. 

Figure 3 schematically shows the temperature 
responsive actuator 1 in longitudinal cross-section. It 
comprises three concentric cylindrical sleeves 15, 16 
110 and 17 which are relatively siidable, i.e. the outer 
sleeve 15 can slide along the middle sleeve 16 and 
the middle sleeve 16 can slide along the inner sleeve 
17. Round the outer sleeve 15 is an annular sliding 
member 18 which carries the stub shafts 5 and 
115 rollers 6 projecting at diagonally opposed positions 
as previously mentioned with reference to Figure 1. 
Between the member 18 and an end rim 19 of the 
outer sleeve 15 there is a first coil 20 of "Shape 
Memory Effect" material (referred to hereafter as 
120 SME) one end of which abuts the member 18 and the 
other end abuts the rim 19. Between the member 18 
and the other end 21 of the sleeve 1 5 is a biassing 
mechanism 22 more fully described later. Expanson 
of the SME coil 20, i.e. increase in its effective length, 
125 resulting from a rise in temperature, causes the 
member 18 to move along the sleeve 1 5 to the right 
as viewed in Figure 3 against the biassing action of 
the mechanism 22. The coil 20 is shown in Figure 3 in 
its fully contracted state, but when in an expanded 
130 state contraction of the coil resulting from a drop in 
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SPECIFICATION 

Improvements in or relating to temperature respon- 
sive actuators particularly for optical systems 

5 

This Invention concerns improvements in or relating 
to temperature responsive actuators and relates 
further to optical systems, and particularly infra-red 
optical systems, employing such an actuator. 

10 Infra-red transmitting materials suitable for use in 
infra-red optical systems, such as infra-red lenses, 
are generally temperature sensitive. Thus, tempera- 
ture changes can significantly alter the relevant 
optical properties. For example Germanium, which 

1 5 is a material commonly used for infra-red lens 
elements, has a very high temperature coefficient of 
refractive index (dN/dT of about 2.7 x 10 4 per 
degree centigrade). This temperature sensitivity can 
give rise to problems when an infra-red lens or other 

20 optical system is to be used under different ambient 
temperature conditions. In particular, a lens may 
produce a satisfactorily fbcussed image at one 
temperature which is out of focus at another temper- 
ature. Generally the image can be restored to focus 

25 by appropriate movement of one or more elements 
of the lens but manual adjustment is often inconve- 
nient and sometimes impractical. There is therefore 
a requirement for automatic adjustment or compen- 
sation for temperature changes, sometimes referred 

30 to as athermalisation which may be active or 
passive. 

Although the problem is particularly severe in the 
case of infra-red optical systems, it can also occur in 
other optical systems such as some visible light lens 

35 systems in which focus can be lost through tempera- 
ture change. There are also numerous non-optical 
situations requiring actuation or control responsive- 
ly to temperature changes. 
According to the present invention there is pro- 

40 vided a temperature responsive actuator comprising 
a plurality of elements of "Shape Memory Effect" 
material each of which is arranged to expand and 
contract responsively to change in temperature over 
a different respective temperature range, the ele- 

45 ments being effectively arranged in series so that in 
combination they provide an actuator output over an 
operating temperature range Incorporating said dif- 
ferent respective temperature ranges. The actuator 
preferably includes biassing means effective to 

50 apply a biassing load against the elements, and 
preferably the biassing means is arranged to apply a 
decreasing rate biassing load, which may be of 
varying decreasing rate, such as to produce a 
substantially linear actuator output with respect to 

55 temperature, i.e. such that displacement effected by 
the actuator bears a substantially straight line re- 
lationship to temperature. 

The elements of "Shape Memory Effect" material 
are preferably in the form of coils which may be 

60 mounted on respective relatively slidable concentric 
sleeves such that expansion of a coil on one sleeve 
causes sliding movement of another sleeve. The 
actuator may include adjustment means for adjust- 
ing the permitted range of action of the respective, 

65 preferably coiled, elements. Thus the actuator may 



be adjusted to provide respective ranges of action 
which permit a smooth uninterrupted substantially 
linear actuator output over the full operating temper- 
ature range. The actuator may also include means to 
70 adjust the pre-load applied by the biassing means. 
Preferably a separate biassing means is provided for 
each of the plurality of elements adapted to the bias 
load requirements for the respective individual ele- 
ment. 

75 Further according to the invention there is pro- 
vided a temperature responsive actuator comprising 
an element, and preferably a coil, of "Shape Memory 
Effect" material, and biassing means effective to 
apply a biassing load against the element, the 

80 biassing means being arranged to apply a decreas- 
ing rate biassing load, which may be of varying 
decreasing rate, such as to produce a substantially 
linear actuator output with respect to temperature. 
The biassing means may comprise a cam mem- 

85 ber, for example of basically cone-like shape, and 
means, such as rollers, held against the member, for 
example by tenson or compression springs, to apply 
a load thereto, the applied load decreasing as such 
means moves relatively to a cam surface of the cam 

90 member, for example a basically conical cam sur- 
face. The cam surface may be profiled to provide a 
varying decreasing rate of biassing load as it moves 
relatively to the load applying means. 
Alternatively, the biassing means may comprise a 

95 spring device, such as a leaf spring, arranged to 
apply a decreasing rate biassing load, which may be 
of varying decreasing rate, as a member, such as a 
roller, engaging the spring device moves relatively 
thereto. 

1 00 The decreasing rate biassing load means may be 
provided in conjunction with a constant rate biassing 
element, such as a compression spring, so as 
effectively to superimpose a decreasing rate, and 
possibly a varying decreasing rate, biassing load on 

105 the constant rate biassing load applied by such 
element. 

The invention further provides an optical system 
(such as a lens), which may be an infra-red optical 
system (such as an infra-red lens), which is tempera- 

110 ture sensitive, and a temperature responsive 

actuator comprising at least one element of "Shape 
Memory Effect" material arranged to effect displace- 
ment of an optical element (such as a lens element) 
in the optical system responsively to change of 

1 1 5 temperature. An actuator as set forth above is 

particularly, but not exclusively, suitable for use with 
an optical system which is temperature sensitive, 
and especially an infra-red optical system. The 
invention therefore further provides an optical sys- 

1 20 tern, such as a lens, incorporating a temperature 
responsive actuator as set forth above arranged to 
effect displacement of an optical element, such as a 
lens element, responsively to temperature changes. 
More particularly the invention further provides an 

1 25 infra-red optical system, such as an infra-red lens, 
incorporating a temperature responsive actuator as 
set forth above arranged to effect displacement of an 
infra-red optical element, such as an infra-red lens 
element, responsively to temperature changes. It 

130 will be appreciated, however, that an actuator in 
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temperature causes the member 18 to move along 
the sleeve 1 5 to the left as viewed in Rgure 3 under 
the action of the biassing mechanism 22. 
Between the end 19 of the outer sleeve 15 and an 
5 end rim 23 of the middle sleeve 16 is a second SME 
coil 24, while between the end 21 of the outer sleeve 
1 5 and the other end 25 of the middle sleeve 1 6 is a 
biassing mechanism 26. Expansion of the coil 24 
causes sliding movement of the outer sleeve 1 5 to 

10 the right as viewed in Figure 3 against the biassing 
action of the mechanism 26, and contraction of the 
coil 24 causes movement of the outer sleeve 1 5 to 
the left under the biassing action of mechanism 26. 
Between the end 23 of the middle sleeve 1 6 and an 

15 end rim 27 of the inner sleeve 17 is a third SME coil 
28, while between the end 25 of the middle sleeve 1 6 
and the other end 30 of the inner sleeve 17 is a 
biassing mechanism 30. Expanson of the coil 28 
causes sliding movement of the middle sleeve 1 6 to 

20 the right as viewed in Rgu re 3 against the biassing 
action of the mechanism 30, and contraction of the 
coil 28 causes movement of the middle sleeve 16 to 
the left under the biassing action of mechanism 30. 
The calibration device 9, 1 0 of Figure 1 can be used 

25 to move the inner sleeve 17 axially along the shaft 2 
thereby to position the actuator as a whole at a 
required location. 

The SME coils 20, 24 and 28 each individually 
operate over a different respective temperature 

30 range so that in series combination they cover a 
relatively broad temperature range through which 
the actuator operates. 

The biassing mechanisms 22, 26 and 30 are 
essentially of the same design. In Rgure 3 each is 

35 shown for convenience simply as comprising a 
compression spring 31 as the biassing element 
although in practice, as described later, a bias 
mechanism which generates a decreasing rate load 
is in fact employed in conjunction with or instead of 

40 a simple compression spring. 

As shown in Figure 3, one end of the compression 
spring 31 bears against the member to be biassed 
(i.e. the member 18 for mechanism 22, the end 21 of 
the outer sleeve 1 5 for mechanism 26, and the end 

45 25 of the middle sleeve 16 for mechanism 30). The 
other end of the compression spring 31 bears 
against a stop 32 which is screw threaded onto an 
adjustment member 33. The position of the adjust- 
ment member 33 relative to the sleeve (15, 16 or 17) 

50 on which it is carried can be altered by means of 
screws 34 threaded through an end flange (21, 25 or 
29) of the respective sleeve. The space between the 
adjustment member 33 and a projection 35 on the 
member to be biassed (such spaces being respec- 

55 tively indicated as "x", "y" and "z" in Figure 3) 
dictates the permissible extent of movement of the 
biassed member. The extent of each such space can 
be adjusted by altering the position of the respective 
adjustment member 33 as described above. The 

60 pre-load of the compression springs 31 can be 
individually adjusted by moving the stop 32 relative 
to the adjustment member 33. 

By appropriate use of these adjustments the 
actuator can be arranged so that the respective SME 

65 coils 20, 24, and 28 effectively cover respective 



shares of the full temperature range over which the 
actuator is responsive. Thus the space "x" may be 
such as to cover a high part of the temperature range 
during which movement of the member 18 is caused 

70 by expansion or contraction of the first SME coil 20 
(the other coils 24 and 28 being in their fully 
expanded state at that high part of the temperature 
range). The space "y" can then be such as to cover a 
medium part of the temperature range during which 

75 movement of the member 18 is caused by move- 
ment of the outer sleeve 1 5 th rough expansion or 
contraction of the second SME coil 24 (the coil 20 
being fully contracted and the coil 28 fully expanded 
at that medium part of the temperature range). The 

80 space "z" is such as to cover a low part of the 
temperature range during which movement of the 
member 18 is caused by movement of the middle 
sleeve 1 6 (and hence also of the outer sleeve 15) 
through expansion or contraction of the third SME 

85 coil 28 (the other colls 24 and 20 being fully 
contracted at that low part of the temperature 
range). It will be understood that the apparatus is 
adjusted to provide smooth uninterrupted cover of 
the whole temperature range and that the total 

90 displacement capability of the actuator is "x + y + 
z". 

In order to provide a highly linear actuator output 
i.e. a substantially straight line relationship between 
displacement and temperature over the operative 
95 range, the biassing mechanisms 22, 26 and 30 are, as 
mentioned previously, in practice arranged to gener- 
ate a decreasing rate biassing load. 

One mechanism for achieving this is schematically 
shown in Figures 4 and 5. It comprises a basically 

100 cone-like member 36 disposed round the respective 
sleeve 37 (i.e. 15, 16 or 17 of Figure 3) and in 
abutment with the member 38 to be biassed (i.e. 
member 18, or sleeve 15, or sleeve 16 of Figure 3). 
The "conical" surface of the member 36 is profiled 

105 (e.g. by turning) to provide a form which suits the 
decreasing load rate requirements, and which can 
provide a varying rate of decrease. Disposed in 
equi-spaced relationship round this surface are a 
number of rollers 39 which are spring loaded against 

110 the surface by compression or tension or leaf or 
other springs and held at a fixed position along the 
length of the sleeve 37. Such springs are not shown 
in Figure 4 but Figure 5 shows a possible arrange- 
ment by way of example with three rollers 39 having 

1 1 5 their shafts connected by three respective tension 
springs 40. Rgure 4 also shows an adjustable stop 41 
(corresponding to stop 32 in Rgure 3) which limits 
the permitted movement of the member 36 along 
the sleeve 37 (corresponding to the respective 

120 distance "x""y" or Y in Figure 3). 

Rgure 6 schematically shows an alternative possi- 
ble decreasing rate bias load mechanism. This 
comprises a constant load rate compression spring 
42 (similar to spring 31 in Rgure 3) disposed 

1 25 between the member 38 to be biassed and an end 
flange or adjustable stop 43. A roller 44 is carried by 
the biassed member 38 and engages against a leaf 
spring 45 depending from an arm 46 connected to 
the stop or flange 43. As the biassed member 38 

130 moves to the right as viewed in Figure 6 the roller 44 
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experiences a decreasing rate load from the leaf 
spring 45 (or an increasing rate load as it moves to 
the left). The leaf spring 45 can be angled and 
shaped (e.g. of varying width along its length) to 
5 vary the load it applies as required, and in particular 
to apply a varying rate of decrease of the biassing 
load, 

A roller 44 and leaf spring are provided at a 
plurality of equi-spaced positions round the actuator 

10 axis (e.g. at two diametrically opposed positions or 
at three positions like the rollers 39 in Figure 5) in 
order to provide an equilibrium arrangement which 
minimises adverse frictional effects. The minimisa- 
tion, and ideally avoidance, of friction is of particular 

1 5 importance since friction can produce adverse ther- 
mal effects which interfere with proper operation of 
the temperature responsive actuator- This is the 
primary reason for equi-spacing of devices, such as 
the rollers 44 and leaf springs 45, or the rollers 39 of 

20 Figure 5, round the actuator axis to provide an 
equilibrium arrangement. 

It will be understood that a decreasing rate bias 
load mechanism, for example as described with 
reference to Figures 4 and 5 or Figure 6, is used for 

25 each of the biassing mechanisms 22, 26 and 30 of 
Rgure 3. The improved linearity of displacement 
achievable by a decreasing rate bias load mechan- 
ism can be appreciated from Figure 7 which illus- 
trates the output from a typical SME coil by plotting 

30 load against deflection (or displacement) at various 
temperatures and on which is shown a "Constant 
Rate'" bias load line and a "Decreasing Rate" bias 
load line. It will be seen that the latter cuts the 
temperature curves in a manner providing substan- 

35 tially equal deflection increments, i.e. provides a 
substantially linear displacement/temperature re- 
lationship. 

An actuator as described above may, for example, 
provide a total linear displacement of about 30mm 

40 over a temperature range of 90°C extending from 
-40°C to +50°C. When used with an infra-red lens 
requiring displacement of an athermalising lens 
element through about 1.8mm over such 90°C 
temperature range, a velocity ratio of actuator 

45 output to lens carriage displacement of approxi- 
mately 15:1 may be involved. It will be appreciated 
that the SME coils have a two way memory effect so 
as to effect displacement in both directions, i.e. so 
that the lens element is moved in one direction as 

50 the temperature rises and back again in the reverse 
direction as the temperature falls. Preferably the 
SME coils are directly exposed to the same ambient 
environment as the lens elements which are affect- 
ing the focus {image quality) rather than enclosed in 

55 an actuator housing or the like which could cause 
different temperature conditions. 

It will be understood that the lens carriage moved 
by the actuator may carry more than one lens 
element. It will further be understood that the 

60 actuator, although particularly suited for use with an 
infra-red lens, could be used for other optical 
systems in which temperature responsive move- 
ment of a lens or other optical element is required, or 
indeed for non-optical applications such as multi- 

65 temperature control of industrial ovens, environ- 



mental test chambers, etc., and other applications 
requiring temperature control or compensation or 
recordal (e.g. pen recorders). 
It will further be understood that the three SME 

70 coil arrangement specifically shown and described is 
given by way of illustration and example and that 
any reasonable desired number of coils arranged 
effectively in series could be employed. The actuator 
can therefore be adapted to cover any desired 

75 temperature range for which SME coils are available. 
In some circumstances adequate linearity of actuator 
output may be achievable by application of an equal 
and averaged bias load to each of the coils but it is 
preferable that the respective bias loads should be 

80 adapted to the individual coils. Also in some cir- 
cumstances a single coil arrangement may be 
useful. 

It will be appreciated that the biassing mechanism 
of Figures 4 and 5 could incorporate a constant load 

85 rate biassing element such as a compression spring 
(corresponding to the spring 42 of Figure 6) so that 
the decreasng rate biassing load means 36, 39, 40 
superimposes a decreasing rate, and possible a 
varying decreasng rate, biassing load on the con- 

90 stant rate biassing load applied by such element (in 
similar fashion to the way that the decreasing rate 
biassing load means 44,45 of Figure 6 superimposes 
a decreasing rate, and possibly a varying decreasing 
rate, biassing load on the constant rate biassing load 

95 applied by the spring 42). Conversely, the constant 
load rate compression spring 42 could be omitted 
from the biassing mechanism of Rgure 6 so that the 
biassing load is applied by the leaf spring 45 and 
roller 44 arrangement alone, this arrangement being 
1 00 adapted to provide the required biassing load (of 
decreasing rate and possibly varying decreasing 
rate). 

CLAIMS 

105 

1 . A temperature responsive actuator compris- 
ing a plurality of elements of "Shape Memory 
Effect" material each of which is arranged to expand 
and contract responsively to change in temperature 

110 over a different respective temperature range, the 
elements being effectively arranged in series so that 
in combination they provide an actuator output over 
an operating temperature range incorporating said 
different respective temperature ranges. 

115 2. An actuator according to Claim 1 including 
biassing means effective to apply a biassing load 
against the elements. 

3. An actuator according to Claim 2 in which the 
biassing means is arranged to apply a decreasing 

120 rate biassing load. 

4. An actuator according to Claim 3 in which the 
biassing means is arranged to apply a biassing load 
of varying decreasing rate. 

5. An actuator according to any preceding claim 
1 25 in which the elements of "Shape Memory Effect" 

material are in the form of coils. 

6. An actuator according to Claim 5 in which the 
coils are mounted on respective relatively slidabie 
concentric sleeves such that expansion of a coil on 

1 30 one sleeve causes sliding movement of another 
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sleeve. 

7. An actuator according to any preceding claim 
including adjustment means for adjusting the per- 
mitted range of action in the respective element 
5 8. An actuator according to any of Claims 2 to 4, 
or any of Claims 5 to 7 when dependent from any of 
Claims 2 to 4, including means to adjust the pre-load 
applied by the blassing means. 

9. An actuator according to any of Claims 2 to 4, 
10 or any of Claims 5 to 7 when dependent from any of 

Claims 2 to 4 r or Claim 8 including a separate 
Massing means for each of the plurality of elements. 

10. An actuator according to Claim 3 or Claim 4, 
or any of Claims 5 to 9 when dependent from Claim 3 

15 or Claim 4, in which the biassing means comprise a 
cam member and means held against the member to 
apply a load thereto, the applied load decreasing as 
such means moves relative to a cam surface of the 
cam member. 

20 11. An actuator according to Claim 10 in which 
the cam member is of basically cone-like shape. 
12. An actuator according to Claim 10 or Claim 

1 1 in which the means held against the member 
comprise rollers. 

25 1 3. An actuator according to any of Claims 1 0 to 

12 in which the means held against the member are 
held by tension or compression springs. 

14. An actuator according to any of Claims 1 0 to 

13 In which the cam surface is profiled to provide a 
30 varying decreasing rate of biassing load as it moves 

relatively to the load applying means. 

1 5. An actuator according to Claim 3 or Claim 4, 
or any of Claims 5 to 9 when dependent from Claim 3 
or Claim 4 f in which the biassing means comprise a 

35 spring device arranged to apply a decreasing rate 
biassing load as a member engaging the spring 
device moves relatively thereto. 

16. An actuator according to Claim 15inwhich 
the spring device is a leaf spring. 

40 17. An actuator according to Claim 15 or Claim 
16 in which the member engaging the spring device 
is a roller. 

18. An actuator according to Claim 3 or Claim 4, 
or any of Claims 5 to 9 when dependent from Claim 3 

45 or Claim 4, or any of Claims 1 0 to 17, in which the 
decreasing rate biassing load means Is provided in 
conjunction with a constant rate biassing element so 
as effectively to superimpose a decreasing rate 
biassing load on the constant rate biassing load 

50 applied by such element. 

19. An actuator according to Claim 18 in which 
the constant rate biassing element is a compression 
spring. 

20. An optical system having a temperature 
55 responsive actuator according to any preceding 

claim arranged to effect displacement of an optical 
element in the optical system responsively to 
change of temperature. 

21 . An infra-red optical system incorporating a 
60 temperature responsive actuator according to any of 

Claims 1 to 19 arranged to effect displacement of an 
infra-red optical element responsively to change of 
temperature. 

22. An actuator according to any of Claims 1 to 
65 19, or an optical system according to Claim 20 or 21 



in which the actuator is, operativery connected with 
an angularly movable or rotatable member. 

23. An actuator or optical system according 
Claim 22 in which angular movement of the angular- 

70 ly movable or rotatable member causes linear 
movement of another member by means of a cam 
and cam follower arrangement 

24. An actuator or optical system according to 
Claim 23 in which the cam and cam follower 

75 arrangement comprises a plurality of equi-spaced 
basically ramp-like cams mounted on one of the 
members for engagement by a corresponding plu- 
rality of equi-spaced cam follower rollers mounted 
on the other member. 

80 25. An actuator or optical system according to 
Claim 24 in which the cam surfaces are profiled to 
effect the required movement 

26. A temperature responsive actuator substan- 
tially as described herein with reference to Figure 3, 

85 or Figures 3, 4 and 5, or Figures 3 and 6, of the 
accompanying drawings. 

27. An optical system incorporating a tempera- 
ture responsive actuator according to Claim 26 
substantially as described herein with reference to 

90 Figures 1 and 2 of the accompanying drawings. 

28. A temperature responsive actuator for the 
adjustment of an optical system to compensate for 
changes in the system due to temperature changes 
over an operating temperature range, wherein a 

95 plurality of "Shape Memory Effect" elements are 
provided each of which expands and contracts 
responsive to temperature changes over a different 
temperature zone within the operating temperature 
range so that in combination the elements provide a 
1 00 compensating actuator output over the operating 
temperature range and wherein the actuator output 
is used to effect the necessary compensating adjust- 
ments in the optical system. 
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